Study Design: Cross-sectional study for clinical measurement. Introduction: Most daily tasks require individuals to exert grip strength with torque, which can be challenging for elderly as their strength diminishes with age. We postulate that to assess the functional capacity of an individual, it is important to evaluate the functional grip strength instead of the maximal static grip strength. Purpose of the Study: The objective of this cross-sectional study is to establish normative data for the functional grip strength of elderly aged 60 years and older in the Singapore population. Methods: In this study, 233 healthy subjects aged 60 years and older were recruited. Using a custom-made hand strength measurement device, the following measurements were recorded: grip strength at neutral position, grip strength with resistive pronation torque, and grip strength with resistive supination torque. Results: Grip strengths measured for both genders decreased by 13% and 16% for males and females respectively, when pronation torque was exerted, and with supination torque, the strength decreased by 18% and 17% for males and females respectively.
Introduction
The ability to perform daily tasks is highly dependent on the functionality of the hands. The elderly are more likely to face difficulties with their activities of daily living as hand strength diminishes with age and diseases. Measuring grip strength is one of the standard practices in evaluating hand function, and many studies have been done on the collation and evaluation of normative data on the grip strength in adults. [1] [2] [3] [4] [5] [6] [7] However, most of these studies only reported the maximal grip strength with the wrist in the standard neutral position, also referred to as static grip strength measurement. 8, 9 Despite being the clinical standard in assessing individuals, the data collected are still insufficient for thorough understanding of how an individual functionally grips an object. In addition, Peebles and Norris 10 had also reported that the data from these static grip strength measurement studies have limited applicability as ergonomic data for designing of assistive devices or aids for the elderly. This is because most of the data are not true representations of the strength used in daily activities. Evaluating the functional grip strength of individual is not limited to the measurement of static grip strength alone; several studies evaluated the functional grip strength based on the dynamic motion of the forearm and had reported that this approach might potentially be a more accurate method for the measurement of functional grip strength. For example, studies conducted by LaStayo et al 8, 9 and De Smet et al 11 observed that forearm rotation caused changes in the grip strength and that the strength differed with direction and arc of motion. However, the question remains: how much strength can an elderly exert against a resistive force?
We hypothesized that functional strength should not only be measured using dynamic motion but should also include the strength applied against a static resistive force, which is more related to daily tasks, such as opening a tight medicine bottle cap. Therefore, the primary objective of this study was to investigate changes in grip strength against resistive torque force. The term functional grip strength used in this study thus refers to the grip strength applied against resistive pronation and supination torque. It is also important to develop normative data for specific populations, 12 especially because Caucasians are found to be generally stronger than Asians. Presently, there are no normative data for the functional grip strength in an Asian elderly population. Thus, the other objective of this study is to establish normative data for the functional grip strength of elderly aged 60 years and older in Singapore population.
Materials and method

Study design
Singaporeans aged 60 and older, from various socioeconomic backgrounds and ethnicity, were recruited in this communitybased and cross-sectional study. Only healthy participants, who were independent and free from disease or disability that could affect their upper limb function, were eligible. Participants were required to go through 3 types of measurements for each hand: (1) static grip, (2) grip with resistive pronation, and (3) grip with resistive supination. This study had been approved by SingHealth Centralised Institutional Review Board. Informed consent was obtained from all participants before the test.
Subjects
A total of 233 (99 males and 134 females) healthy Singaporean adults aged 60 and older had been recruited for this study. Subjects were categorized into age groups with gradation of 5 years (younger than 65, 65-69, 70-74, 75-79, 80-84, and 85 years and older). Characteristics of the subjects are presented in Table 1 .
Equipment
A custom-made multifunctional hand strength measurement device with a nonrotating torque sensor was used to measure functional grip strength, and measurements were digitally recorded using Digivision software (Burster praezisionsmesstechnik gmbh & co, Germany) (Fig. 1) . The sensors used in this device had been calibrated and certified. The handle grip of the device was designed to be similar to that of a standard hand dynamometer used in clinics. The device had been calibrated using known weights and sensors, and the grip force measured was validated against the gold standard Jamar dynamometer.
Procedure
To minimize the effects of body positioning on hand strength measurements, this study followed the recommendations of Mathiowetz et al 13 and the American Society of Hand Therapist.
14 Subjects were seated upright on a chair with feet planted flat on the ground, shoulders adducted with hands in neutral rotation and flexion, and elbows flexed at 90 , with the forearm in neutral position (Fig. 2 ). Only 1 tester carried out the measurements.
Grip strength measurement
The measurements were taken in the following order:
1. Grip strength at fixed neutral position. 2. Grip strength while exerting resistive pronation force (static pronation). 3. Grip strength while exerting resistive supination force (static supination), as shown in Figures 3A-C, respectively.
The average torques applied for resistive pronation force were 4.8 (AE1.8) Nm and 3.2 (AE2.3) Nm, whereas for that of resistive supination were 3.3 (AE1.6) Nm and 2.0 (AE1.0) Nm, for male and female subjects respectively.
Both hands of each subject were tested, with the right hand measured first. Subjects were instructed to maintain their grip at maximum strength for up to 10 seconds. To avoid inconsistency due to fatigue, measurement was alternated between the 2 hands, and there was 1 minute of rest between each measurement. All measurements were taken only once for each subject.
Statistical analysis
Descriptive statistics were calculated to determine the demographic characteristics of the subjects. The subjects were divided based on gender and age group strata (5-year grouping), and the means and standard deviations of the maximal grip strengths were compared using repeated analysis of variance. Multiple linear regression analyses were performed to estimate the resistive pronation and supination grip strengths based on age, gender, and maximal grip strength. Data were analyzed using SPSS statistical software (IBM Corporation, New York, NY), and statistical significance was accepted for P < .05.
Results
Normative data
The normative reference values of static and functional grip strengths for both genders are presented in Tables 2 and 3 .
Grip strength based on gender
Males are significantly stronger (P < .05) than the female group across all ages. The characteristics of the average grip strength for both male and female subjects for each age group are presented in Figure 4 .
Static grip strength vs functional grip strength
Statistical comparison between static grip strengths and functional grip strengths was performed and presented in Figure 5 . Regardless of gender and direction of force, the decrease in grip strengths while exerting resistive torques were found to be statistically significant (P < .001).
Comparing the functional grip strength during pronation with that during supination, exerting resistive supination torque resulted in lower grip strength, with an average difference of 5.7% and 1.8% for male and female subjects respectively. However, for the dominant hand, the difference was not statistically significant (male: P ¼.09; female: P ¼.667).
Estimated functional grip strength
Regression statistical analysis was performed to estimate the pronation and supination resistive grip strengths for the dominant hand, based on age, gender, and maximal grip strength. The 
Discussion
Grip strength is an important parameter and diagnostic tool for objective evaluation of hand function in individuals. [14] [15] [16] Normal functioning in daily activities often rely on not only the grip strength but also the ability to manipulate objects, the range of forearm motion, and the ability to overcome resistive force. Thus, changes to any of these factors may cause decline in quality of life, particularly among the elderly population. Hence, there is a need to quantify functional grip strength to better assess the extent of an individual's hand functionality, instead of measuring the static grip strength alone.
Various studies had been done to evaluate the effects of wrist and forearm movement on grip strength. LaStayo et al 8 reported a decrease in grip strength during supination at angles more than 70 . In another study, 9 the authors reported that the functional grip strength was 14% less than the static measurement. Similarly, De Smet et al 11 observed a decrease in strength when the forearm was moving from pronation to supination. Studies by Rice et al 17 and
Rahman et al 18 also showed decreases in grip strength on opening containers; grip strength was found to drop by up to 80% when opening a large medication bottle. Despite the differences in their methodologies and approaches, the findings from these studies had consistently proven that both motion and direction of the forearm can significantly affect the grip strength of an individual. However, none of these studies measured the maximum grip strength that an elderly is able to apply when there is a resistive force acting against the motion. We postulated that this may provide us with a clearer insight into the grip strength threshold of elderly when encountering resistive pronation or supination force. Our results showed that on average, during resistive pronation torque, grip strength decreased by 13% and 16%, for male and female subjects respectively, and by 18% and 17% during resistive supination torque. In comparing between the 2 directions, the maximum grip strength was observed to be lowest during resistive supination torque. This observation is especially important for considering the ergonomic design of assistive aids for elderly, whereby it shows that the grip strength is more likely to be weaker when applying torque in the supination direction as compared to the opposite pronation direction. These data also represented the grip strength threshold of the elderly, which allowed us to postulate that as long as the strength required is not more than the threshold, the elderly would still be able to perform the task without any difficulty. We are unable to make a fair comparison between our results and those reported in the literature due to the difference in the measurement protocols and devices used. However, our data concur with their findings as we observed a similarly significant decrease in strength when comparing functional grip strength with static grip strength, regardless of gender and age. Decline in hand strength with age had also been reported in many studies. [1] [2] [3] [4] [5] [6] [7] [19] [20] [21] However, our results showed a limit to this trend, with an increase in strength for subjects aged older than 85 years. Since this is a cross-sectional study, we are uncertain if the increase in strength was due to a sampling issue, or if it reflected a relation between grip strength and mortality, as reported in several studies, [22] [23] [24] which found a correlation between higher grip strength and a longer life.
The importance of population-specific data was also addressed in this study. The static grip strength values for Caucasian elderly population [1] [2] [3] 6, 21 are not applicable for comparison as they are generally stronger than the Asian elderly population. Comparing the results of Gunther et al 6 with those of our study, the average static grip strength of their Caucasian subjects was 34% higher than the Singaporean subjects. A similar observation was also made when we compared our results with those of another study on the elderly population in the United Kingdom. 2 However, within the Asian population, the difference was much smaller. For example, the static grip strength displayed by a population of Korean elderly subjects was only 11% higher than that of Singaporean elderly subjects. 20 Although the comparisons were based on static grip strengths, these findings demonstrated the importance of population-specific grip strength assessment data as these reference values can be used for designers and engineers to develop wider range of assistive devices or tools especially since most mainstream products were designed for the general population. 25 
Conclusion
Establishing normative data for functional grip strength is valuable for evaluating the upper limb functional capacity of elderly in performing daily tasks as they age. The findings from this study can be used to complement existing ergonomic data for the hand by providing a clearer insight for designing and developing better adaptive utensils and assistive devices, and to improve the independent living of elderly in Singapore.
Direction for future research
Dual tasking is another interesting factor for the assessment of functional capacity of elderly. Individuals may perform simultaneous tasks in their daily activities, and this will most likely cause changes to their grip strength. However, most studies focused on the effects of dual tasking on gait parameters, [26] [27] [28] while its influence on the functional grip strength has yet to be explored. Therefore, evaluating the difference in the grip strengths between single-and dual-tasking may give us an interesting insight into quality-of-life issues among elderly population. 
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